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§fe s li^^ttA m't i§] # # 3& Hj m ffc • t£ t # ig «. € 

s& & # : — £ € *t (charge pump) ■ ffl ^ $ $*r a. m 

t^^Jbtfit^^^ii ' ai-^^c€€^u ; - # - at & 

^ » € i*. ^ £ <f € ' ffl ^ttt)lii'f I. 

: - JK & € • m * * #-'t&tBgi£*frititR. 
St « ^ & 4i Hl ; — ffl Bfl € ' € i4 ?S\ I - ;l ii f 4 ^ I 

i§ ; a a - % it & € *&■ ' lil^f^ H f ^#If f 

% t » # ft € t 58- 4* -ft ft! ft ' MM^^-t-^^^-at*.* 



Hdt-ffcWil-S- '■ clock and data recovery circuit and related method) 



The present invention provides a data 
recovery circuit for generating an output signal 
that is synchronized with an input signal. The 
,3 ta recovery circuit comprises: a charge pump for 
generating a charging current according to a phase 
difference between the input signal and the output 
signal; a first filter electrically connected to 
the charge pump for generating an output voltage 
corresponding to the charging current; an 
osc i 1.1 a.-tor for adjusting a phase or frequency of 
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^^^sM^-t- (^-^4L^^| : clock and data recovery circuit and related method) 

the output signal according to a voltage; a switch 
circuit electrically connected between the first 
filter and the oscillator for control 1 ing the 
"lectrical connection between the first filter and 
the oscillator; and a second filter electrically 
connected between 'the switch circuit and the 
oscillator for filtering the output voltage of the 
first filter. Wherein when the charge pump is 
operating, the switch circuit disconnects the 
first filter and the oscillator; and when the 
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3£X#9i-f$i# (# a ^^.453& : clock and data recovery circuit and related method) 

charge pump stops operating, the switch circuit 
connects the first filter and the oscillator such 
that the oscillator adjusts the frequency or phase 
=:f the output signal according to the output 
voltage of the first filter. 
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# a/3 & # r- 3£'B£ Jfo S- t EJ 41 « 51- (clock and 
data recovery)! *§ M >8r * '» ^tlSfeRrjttflSfe*!-** 
( jitter)^ t 44 © H t & Bl ft M * & • 

1T * tft «U1 : 

^^^.^tm^t^t ' Ait -f- > #t # # & & A a • 

I IT A H 6d i • J£ lit -ft - £°Hfc^ttH.# 

@ ' ^'^T^-k^^^i^^ » - 4Sl ft -T "' ^ # # - 4 S t 

If # 8f . =ip # g& ^ — 5t # j& . J-XjL^&j^^riiJt^f- 

tf+^fl^&ttlfStrtS- ' ii « t f f # AS ^ • 

^#®4l€*8-10# ■ — 

^ ^ if # IN' ali« - fl^tAUft I Nft # # 3£r 

iB b$- j& 0UT° t^EMl-t^ 1 0t tSt # -- fch $t € 18^ - & 
€ € 2 0 ^ - & Hi % n- 2 4 - - I I^I-J^Itt^26ai 
Nfife- ^ H 27- £ € € *&- 20t # ^ tfk £ % **■ 22A|a 22BH 
4i ^ #J £ tb 4a € * IS *I tTL Sfe CRAH CRB& #J « >ft 

a» I p 1 A I p 2 • « £ % 22 m 2 2 BH: # ^ £ £ ^ ^ ^ 
I pi! Ip2& jEf o ft ^ #j £ & $j m ft CRA> CRB& W ft 




161 



2-*&WiSLW (2) ' • J 

% >7rl m Ipl& Ip2^ * fa & ft & M '"' M if & fp ft-PO^-'i-^ • > 
€ € >ft IP' JfeT».*JSfr'4 5. ft ft € 2£ 24 + •■• ft ft € 24 + ^, 
- "t 12. Rp& % S Cp^ GOj-x & & 4& it ft ft € s& ; #.ft « « & . 

2 04% 64 ft t € I pit. ^ ft ft % 2 4^ •■ it ♦.*f--«v&: Cpft .. 
€ ' H ifc Ip » Pl?t iL - 42 #'J € M Vp- 2 6-f # £ 

Vp# 42 «I • i i i $ t I- ^ ^ *J t 1 VpSr-jr-fll tfl. 
ft OUT ; & i$L » *Jtit1EsS-2 6^^.4L^ibfR.«it 0UT6S 4ft 

# • -t* «■ A ^ -42 *l « « Vp6*j A * ( it If ^ S f 1 ! t 1 Vp^ 
A > $T ib m St OUTO *" ^ « * ) • tf ' .iilt^i 27 
l&#i&&tt*friBiH.3fc OUT* EJ4£J-tb*£€&-18; tb & € 
14* tb *t *fr ^ k ft IN^^iitt OUTPel to. Ik ' M. *f M 
to & M: M Jfe *b 42 ftJ ft € € *&■ 2 0 1 6*1 € >1H i» I P I p 2 - ft € 
«s&.2 0£fcb4&«s&.18£E#]4L&. ' * J. A. • # M # ft *€ € %L 

I p : ft««>ftIp*#,&*b&£ftftlE^ 2 46fj4S<M«£Vp' 
it <fe * it « 2 6« « Ifr iB m «E OUT# ^ * * * -fit • ft & 
Ifr ^ m ft iNJl^^i^i^^ ° H f ^ * m t OUT# ej 4£ • ir j 

# © *l € **■ io^r^>#ft^^^riij in ft 0UT6fj m & • * 

ft & itJ tfl ft ODm *fr>^SflftIN4L*I'&t*!lS](Bp|gJ^) 0 

n m ~ • i — & * *° w ej « as- lOit-ft^ ' * 

tPfeMtflft^&J&III • ffl — 4L' # ** A 8* ffl ' -8- ft ^ ^ «si 

& 4ft ft #j A * ; * m — -b 3r J. T 2T # n 6*7 #J & 42 ftJ m 

ft CRB- 42 *I tfl ft CRA " ft € « >ft I pA 42 ft] € £ Vp^ ft ^ 

ffl • ffi -=- # fr\ J- t ' 42 ft! tfl ft CRA^E. ft dt 1^ ^ -fit i£ » 




3L * 4£Wi$L*n (3) 

4£ m tH-ffe CRB£. Bf r-1 ( dt2+dt3) * *. 4fc * - • 'T .* ft It it 
€ 2 6j& *3- : & Ifc A m * 0UTJ5r*Mfr-JL i& it & t£ £ ■ f'J 
It it « ^ & 6# & fcl « Vp& # life HJ 1ft « # t* £ # afc ■ 

4 « *t ' Vp# eic g # & & m tb ^ ^ m sfe IN 

* & ifc m 31 OUTf-1 • ftltit«*S- 2 6*fe 

j£ Vp6^j at £ • 3! £ Ifr di tR. & OUT# « £ * *a to • 

*T#ifc*]-tifc#B-# ' ^ EJ It € 1 0# 51 ^ If ^ 

?n»ii*.T • t # emi € s& lOit-f^^ » *s $i m & c r b& 

CRAfld & ^ ^ M ft * *E *I t SS. * I P l^L Ip2# € >ft ( t m * 

H % % b$- . ^ it f t m ^ >ft ^ ^ - € I : f m t ^ 

ip- & 4& B$ . ft^-^tE>)JL*^«:^t>75L) • ^« ' -fe ft 
tpOA tplffl ' A « 3fL ifc Iplt^ # 1L € € 85. I ifc jfc A * 
& \m H t % >ft I P ( 1L % % I p#J * ft tf ffl - ) "it 

¥j 1L % % 8ft. I P^ ft & 2*. € 2 4# & f'J % JS VpA & & # € 

a Vpoji *f ^ -t m vpi ° sJb8f.fi tpOfj tpiw # r-i £ 

dt 1 > & ♦ -J € a Vpf 1 ± ^ ^ tl ^ ^ t i tb ^ ^ F.1 dt 1 • i£ 
*I m Sfe >£. af ft tp2A tp3f-1 . ir ft € >7H ifc Ip2i ^ £ € % %L 

I p6*j A 'b ♦ ft A € € >ft I P*f € & CO * Cp^L € ' ii ft & # -J € 
& VpA € M VplT If- € M Vp2 • £ ft rfij -T ' b$ r-1 tpOf'J 

Vpl > I VplT If- 5. Vp2° # - ' If <W € 1 

VfHt Bf tpOM #} % J3L VpO^- ii*J t« ViwSt ^ .ft tp3& &^ € 
S Vp2f a 1 &j % J§l it Ht ' t t t I ^ ^ a ta t IN^ t i tn t 
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OUTPal # 4l to £ • ftlf f ^ 264^.tI^I , Jf 1 Vp6<j ZJt 
ft «9 4fr fb -«L « OUW « ^ #a 

: -iif #0tt^ l Oig ft 3r X tfi & ft M A & . & . 

g $J .f 1 Vp#J 4a to J: # t& ( jitter )i& A • *» M fff UL • & *J 

€ M v p-g- & it ^ ^ - $w A m ft r-i # *i # £ 

# € £ VpOSt ft J. € JS Vp2St a T » 0 % % M VpO^ « & 
Vp2m & € S 2£ ft «. # ; ift ^ 4b to £ ° ^ ' S *° * ft ® 
41 € & lOt ' & *! € £ VpSp filitA II VpOJi^-^t 
£ Vp.1 » # * "t £ VplT * 5. € £ Vp2#j * .1 • it & * * # 

l!ft4bt3&&k#^ii-ri£/&*£r Am ft OUTt m m ft # 

(jitter)- i^ti OUTt fR. *t # tfr # ft • 1t #• 

ffi J= ° ffl=.^ 7 f^a^#E7 4l.'t^l0^f^±^^Ainft OUT 

£ m ft # tfr ^ £ 'It ^ : B -=■ ^ # I* g P £ W ' 
^ ^ A ^ • 4 It 4 *&■ ' 2 6& & *l « £ Vp& *1 ' ft^kfj 
€ JS Vp# ft -ft > =8p*-^4Plt4^s3-2 6#r££.#*frifc*flft 
OUT- i£ *J € £ Vp# ft^f ItttdJlt OUT# « 

^i^.^^^ ' it & #r & m ft OUTt g~m.m&]*$ffi-km*m. 

M &] ft lb • fl X t • # It * tR. ft OUT^- £ a£ ft tpO^ ifi. 

#1 ( n & #r & P\ % Si VpJb t jS VpOBf ) ft # ft tp34L it 

( f 1- ^ ^ f 'J f 1 VpJb € £ Vp2) b$ • to £ m ft OUT-T S 

is #j t £ vp# *^g,ft-fb*fifl&«.*«i¥ & & ft * *i #j & 

* & A # b£ r-1- Tc ; ii'M. A^ftf^mft#^ (j i tter) • «t ^ 
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ft € >7fl % 1 I 2^ #J £ tb % 3& 38J. ± ft #J tfl. ffc * 
CR A >-CR.B4l ft ' »T ^ ip ft NO^ 4* & & ^ <g f c ?~ $ *- $ 
& *t a& 44t # - £ - tl"* CI > ^j&-r-feiia|*.85 • £ € € 
A IctiA^-^?it^44- 4fc » - aft it « *&■ 44jfe ft 
Nit * - 4 % & Vop° Bfl Bfl % S& 48^T Ife^JUl 52^. ft- 
*I tf- it * M 58- ' 1% * *b ft #J £ - & & « a& 4 4& £ — ift & % 
Q. 5 OFal 60 % 3% "• 5 OtH'J & C2- € 

^ Cpil f & Rp; g ~ aft 50* £ Ij5 ft N2^r tfc -- ft #'J € 

JS Vc ffli^*Jfft^46'ttfef , JflVc- at at € S8- 

.4,6* jk£-n$fbJ&fc&.w%i& vca 'j> 60 tit a m s& out - % 

U € a& 4 6J. £ 60 tit ifc m 3& OUT* & Pfc " H 3 7i& « & # EJ 
^ 5. tb $L % a$. 3 8 • fcb € a&- 3 8* tb $c ifc 3& ^ m 3£ I & ifc 
m St OUTFal &0 ft to Ml • ifc. M M Mb ft #J € € a£ 4 0 + 60 ^ t 
at * I 1 A I 2 • • * « /TfL m I 1 A I 2*# * 60 1L % % %L I c* % - 
aft & € a& 4 460 in ft N 1st: A £ - ift € IS- 4 460 & A € M 
Vop° «|ffl«*&.4 8*-fci§#B£&Jf*£^afc&€»&- 5 0€ ^ 
£ - jft € a£ 44 ' g — aft & « *&■ 4460 *&■ ifc € £ Vop* & * 
.3? ~ aft at € ag- 5060 % # ^ ^ (charge sharing)** £ tfa /£ 
^ if it 60 ft #J € JS Vc - g f i t 1 Vc* ft f'J Jt it t as- 4 6*8 £ 
£-££^3frifcm!& OUT60 *I to ' ^ * # « ^ ^ a m t I Nisi 

4^«-W4iirj|4i3 , a.f:«8.3 0-fc##lt^«i* I Nj^ *fr ifc m 
OUTFal 60 * to J: £1 A ^ ft *l « « Vet ' ^ f f f JS- 46^b 
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m. & & v c & m g ^ a m outo ^ ^ - ft ffl 

i o g 3. £ ^ & ^. # © '41 fr & 3 0 * ; 4- m ^ & ^ ft 
m i ffl i # # |A *P & ffi ' 4»&^^#£**&&.#*-4fct*A 
* • B i:-* J: ft T # ?'J & M «E * CRB > ^limt 

CRA^ A < * -A Ic> 4£ fJ m ft 5 2 * * & € & Vopa A & #J € 
& Veto ikm • * # B fl t f #t 0 41 € 58- 3 0^ fcb & t *■ 3 8^ a 
t^ttbtf SS- 1 8*3 isj ¥} m s£ & #J € >)Sl ft I L8. 12 

( * & *•] m st crajs, >a • ft imitf >ft 

I » Sl ft'J * 4£ M % >* ; *J tfL St CRB^b a |SJ #. & ^ «E *J € 
J| ft- 1 2) - S. ft- # B £ t 4S f 1 ! M M « tt- 4 52^ 
^ j^jt u$ f 'si H M t 51-48' ji£t£-al>*.^#- 4 41; it tfr 
$^i|>At^ 50- * «■ *b ' *4£*lmSt52£.te4fc*8* ' W 
S3 « 3S- 48tMftft^-ii*t«- 5 O^F ♦ * & a* * - & € 
44 » 

f i 1 t iU tn t OUm 4fr a. m St I Nfal fa fa M. ■ *J 
t £ Vc^ f t f 1 ^ f 1 * ^ • 0 & %> % % y& I c& gfc 
tpOA tp3^ ffl tS^JKlt CRA- CRBrfg * ft ^ ^ £ * ft £ 
4b ' « - ft Hi € 44# & dJ t JS Vop-& t^^lf ^ ft.-Hf t 

4£ #'J € M Vp- *t ' & * Ml ^ € J£ Vp(LL 5. € S Vpl# 
© 1^ J. « J£ Vp2 • H * f I VpO^I € JS Vp2^ 64 € * ^ 'fb ♦ 

kii^AiH.^; iNjk^ibtnifc ouTfai #j & & £ • * tl 

Vopi" ^ f ^ t t t ^) ^ f i t I Vp- # ' # # ^ ^ * # * 

« # * • & r & & & % m m ^ & & % & & & & 
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i --MttlB (8) 

ft OUTfln ^ ^ ^ s i ^ m t # t ' ^ a £ t A J-X 83 IM €"S& 

48£ i§ # BSb » % -"7l£ ^ 44|fc art £ Vop4L # & • -£ 

9 - it -ife € 5S- 44# 4ft ib ' t 1 Vop^ ^M^ 

ft 4 ft tpOJ. tp3^L m ) • tt*Jm* 52t ^ # -fc <fe -fit 

^ » £.MBfl^a&-4 8MJi8.fl&*9-ii. • jfc — *. » 

58- 44-& * % it. ^ £ — & it € 38- 5 0 : % — & & % 5 O^E. ft 

ft N26*i fe^Jf I Vc-& * -T ^ A € JS Vopflj ife 3^ ^ & # ft 

4b • 

i& T af .a tp3^ «. » ■ « *J tfi ft 52* ** ft * * -fit * • jfc 

4 8* If it ' g ~ & & € so*, * € it. ^ £ - & 

& € 4 4 • »4j^B*4Lfc-iftafc«*&.4 4+ 
Vop • ?-st*t^50tfidl-t^C2t»4HMt^48 
' ifc\ifij2fcft-gE.#ftN2#l£#]1££Vc- *t *° 13 ® i 
* 42 #J € £ Vc^l >& & flr ' -fc ft tpOJ. h£ ft tp3fBJ > B & 
4£ #J tR. ft 5 2*fc # fa Ml ip- ' % ~ ft & € & 5 O^F * € it. ^ * 
- & t 5S- 44 ; £ — it- Sft. € 5 0# & *J % & Vc-& # ?£ 
ft • $'J T a^S tp3it ' S £&*Jmft 5 2ft £ • £' 

5 0t44H M 4 8t it ^ ^ 44' 
fij ^ ftj f 1 Vo& * & 4 ft tp3ifr # € M VcO-^ *b ft 4b J. « 
^ Vcl ; *n & b£ ft tp4^L > & *I € M Vc*fc t @ t ' ^ t f 
Jg VcO-T $f A ^ 4ft 4 € * Vopt &d t I VpO ( *b IM -ft ♦ £ 
-€^C1^ % ~ % Iz-'ZlZ- % % & M U 1 # *» «L ' t 1 VpO 
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% ft M ft ft Vpl • it ' ft. A -ft ft VopJL tb ^ 4a to Ji. 

# ft ft £m • st-t-sJ^ftibft^ VcrpH..& #J ft ^ Vcf 0 i m ;t 

# ^ it Bfl # *rj ft # € "ft VcO^ ft ft Vclfal # ft ft & 
SL fcb * & to. £ • ft Ht IS *i € ft VciMj ft <fb • ft ft ft** 46*fc *T 
a Jt i£ *fe .it # 2t *b 18 ft ft ib *l-ft OUTft * ^ ft- ^ m ft IN 

m t •■ ■ 

* a _L $h ^ ft m it ^ ^ i£ °T . & 4^ ft B £ t $ — 

# it ft ft- 44# ft ib ft ft Vop# #*o|SJS*p&#f&#*3£& 
ft ' feA^t^tFfHIf^itt^l^^ ' * SL m 

W PI ft a ft ft 4£ *J ft ft Veil * -fr £ f I ft iii ftft Vop# 

«. f$ W * ^ ^ ft ft fi> ft • % n ft ib ft ft Vop'lfc 41 £ ft ' 
& PI ft ft Vc* * ^. 4dt ft ib ft ft Vopfla 2t ft - *» jtb - *. • * 
■fS. ft ^t^ftftftft-4 6j8feiL^Ab^imfe* , Jftft Vci ^ g 
ft ib ffl. ft OUT^ 3g ft ' *.Jfe3*^4S*Iftft Vet # ^ ft ft 

i£ & ft * m ft out# m ft # ^ • tt #- # n *t • ffl^^^ft 

a/3 t ft ib 1ft ft OUm 4S * 'J ft ft Vc^ ft-fbfl&Wftii*!^*^ 

?p * h • -t^ftQ^t^ftibmft out# * & sf ft tpo^ it m 

( «■ ft ^ £E *J ft ft Veil, ft ft VcOaf ) & ft & -fc ft tp4^ it 
#3 ( # ft ^ ft ft vcl) b^F ' 0 & 4£ f 'J ft ft Vc^: ft # ft 4b 

^|^^@ItS*ItIVctiiLf) ' ^ ft b£ t ft ib tft 
ft Olim &ftia&#i&^ + ^*'#'#«ft&f$&'f&#mft 

# $fr • ffij ^ j-x m ft Vb # 3r A ft. ft it & • ^ ' & ft ^ ft 
^ A ^ Jl if » ft 42 * 'J m ft CRA- CRB^L ft it (on)uf ^ * 
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IN &r ^ m ft OUT 3& ifc ITt ft 
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